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$6XEMHFW6SHFLILF(0*GULYHQ0XVFXORVNHOHWDO0RGHO
IRUWKH(VWLPDWLRQRI0RPHQWVLQ$QNOH3ODQWDU
'RUVLIOH[LRQ0RYHPHQW
&RQJVKHQJ=KDQJ4LQJVRQJ$L:HL0HQJ-LZHL+X
6FKRRORI,QIRUPDWLRQ(QJLQHHULQJ:XKDQ8QLYHUVLW\RI7HFKQRORJ\:XKDQ&KLQD
.H\/DERUDWRU\RI)LEHU2SWLF6HQVLQJ7HFKQRORJ\DQG,QIRUPDWLRQ3URFHVVLQJ:XKDQ8QL
YHUVLW\RI7HFKQRORJ\0LQLVWU\RI(GXFDWLRQ:XKDQ&KLQD
TLQJVRQJDL#ZKXWHGXFQ

$EVWUDFW ,Q WUDGLWLRQDO UHKDELOLWDWLRQSURFHVV DQNOHPRYHPHQWDELOLW\ LVRQO\
TXDOLWDWLYHO\ HYDOXDWHG E\ LWV PRWLRQ SHUIRUPDQFH KRZHYHU LWV PRYHPHQW LV
DFWXDOO\DFKLHYHGE\ WKHIRUFHVDFWLQJRQWKHMRLQWVSURGXFHGE\PXVFOHVFRQ
WUDFWLRQ ,Q WKLV SDSHU WKH PXVFXORVNHOHWDO PRGHO LV LQWURGXFHG WR SURYLGH D
PRUHSK\VLRORJLF PHWKRG IRUTXDQWLWDWLYHPXVFOH IRUFHV DQG PXVFOHPRPHQWV
DVVHVVPHQWGXULQJUHKDELOLWDWLRQ7KLVSDSHUIRFXVHVRQWKHPRGHOLQJPHWKRGRI
PXVFXORVNHOHWDO PRGHO XVLQJ (0* DQG DQJOH VLJQDOV IRU DQNOH SODQWDU
GRUVLIOH[LRQ3')ZKLFKLVYHU\LPSRUWDQWLQJDLWUHKDELOLWDWLRQDQGIRRWSURV
WKHVLVFRQWURO'XHWRWKHVNHOHWDOPRUSKRORJ\GLIIHUHQFHVDPRQJSHRSOHDVXE
MHFWVSHFLILF JHRPHWU\ PRGHO LV SURSRVHG WR UHDOL]H WKH HYDOXDWLRQ RI PXVFOH
OHQJWKDQGPXVFOHFRQWUDFWLRQIRUFHDUP%DVHGRQWKHSULQFLSOHRIIRUZDUGDQG
LQYHUVHG\QDPLFVGLIIHUHQFHHYROXWLRQDU\'(DOJRULWKPLVXVHGWRDGMXVW LQ
GLYLGXDO SDUDPHWHUV RI WKH ZKROH PRGHO UHDOL]LQJ VXEMHFWVSHFLILF SDUDPHWHUV
RSWLPL]DWLRQ 5HVXOWV IURP ILYH KHDOWK\ VXEMHFWV VKRZ WKH LQYHUVH G\QDPLFV
MRLQW PRPHQWV DUH ZHOO SUHGLFWHG ZLWK DQ DYHUDJH FRUUHODWLRQ FRHIILFLHQW RI
DQGWKHQRUPDOL]HG506(RI7KHSURSRVHGPRGHOSURYLGHVD
JRRGZD\WRHVWLPDWHPXVFOHPRPHQWVGXULQJPRYHPHQWWDVNV
.H\ZRUGV(0*VLJQDOVPXVFXORVNHOHWDOPRGHODQNOHSODQWDUGRUVLIOH[LRQ
MRLQWPRPHQW
 ,QWURGXFWLRQ
:LWKWKHGHYHORSPHQWRIVRFLHW\DQGWHFKQRORJ\WKHDJLQJSUREOHPKDVEHFRPHPRUH
DQGPRUHVHULRXV$WWKHVDPHWLPHSDWLHQWVZLWKOLPEGLVDELOLW\DUHDOVRLQFUHDVLQJ
7KHUHDUHQHDUO\PLOOLRQSHRSOHORVLQJWKHLUDELOLW\WROLYHLQGHSHQGHQWO\EHFDXVH
RIVWURNHLQ&KLQDHDFK\HDU >@+HDOWKFDUHDQGUHKDELOLWDWLRQIRUHOGHUO\DQGGLVD
EOHGSHRSOHDUHLQFUHDVLQJ7KHDQNOHMRLQWSOD\VDQLPSRUWDQWUROHLQKXPDQVWDQGLQJ
DQGZDONLQJEXWHDV\WREHGDPDJHG>@,WLVLPSRUWDQWWRDVVHVVWKHPRPHQWIRUDQ
NOHMRLQWGXULQJLWVPRYHPHQWDQGUHKDELOLWDWLRQ7KHUHDUHWKUHHGHJUHHVRIIUHHGRP
'2)V LQ WKH DQNOH MRLQW GRUVLIOH[LRQSODQWDUIOH[LRQ DGEXFWLRQDGGXFWLRQ LQYHU
=KDQJ&HWDO
VLRQHYHUVLRQ 3ODQWDUGRUVLIOH[LRQ 3') LV WKH PRVW LPSRUWDQW DPRQJ WKHP ZLWK
JUHDWVLJQLILFDQFHLQJDLWUHKDELOLWDWLRQ>@DQGIRRWSURVWKHVLVUHVHDUFK>@
7KHHOHFWURP\RJUDSK\(0*VLJQDOVDUHFRPPRQO\XVHGLQUHKDELOLWDWLRQWRHVWL
PDWHWKHPRPHQWVIRUWKHSK\VLRORJLFDOVLJQLILFDQFH7KHUHDUHWZRPDLQPHWKRGVIRU
PXVFOHIRUFHVDQGPRPHQWVDVVHVVPHQWEDVHGRQ(0*VLJQDOVEODFNER[PHWKRGDQG
PXVFXORVNHOHWDOPRGHO>@%ODFNER[PHWKRGLQFOXGHVQHXUDOQHWZRUNVXSSRUWYHF
WRUUHJUHVVLRQDQGRWKHUILWWLQJDOJRULWKPVRUUHODWHGLPSURYHGDOJRULWKPVWREXLOGWKH
UHODWLRQVKLSEHWZHHQ(0*VLJQDOVDQGPXVFOH IRUFHVRUPRPHQWV3UHGLFWLYHPRGHO
FDQEHEXLOWHDVLO\WKURXJKSDUWRIWKHLQSXWDQGRXWSXWGDWDXVLQJEODFNER[PHWKRG
%XWWKLVPHWKRGFDQQRWLQIRUPXVRIPXVFOHFKDQJHVGXULQJERG\PRYHPHQWDQGFDQ
QRWSURYLGHJRRGUHIHUHQFHIRUUHKDELOLWDWLRQDQDO\VLV>@
0XVFXORVNHOHWDO PRGHO LV DEOH WR SURYLGH D EHWWHU XQGHUVWDQGLQJ LQ PHFKDQLFDO
SURFHVV RI KXPDQ PRWLRQ +DVVDQL HW DO HVWLPDWHG PXVFXODU DFWLYLWLHV GHWHFWLRQ E\
UHDOLVWLFPXVFXORVNHOHWDOPRGHOVRIWKHPXVFOHVDFWXDWLQJWKHNQHHMRLQWUHDOL]LQJDQ
DFWLYHUHKDELOLWDWLRQVWUDWHJ\IROORZLQJWKHZHDUHU
VLQWHQWLRQ>@0DQDOHWDOEXLOWD
PXVFXORVNHOHWDO PRGHO IRU DQNOH 3') DQG SURSRVHG DQ (0*GULYHQ PRGHOLQJ DS
SURDFKDQGGDWDSURFHVVLQJ IUDPHZRUNWKDWDOORZHG WKHP WRSUHGLFW$FKLOOHV WHQGRQ
IRUFH LQ UHDOWLPH >@  0XVFXORVNHOHWDO PRGHO SURYLGHV DEHWWHU PHWKRG IRU PXVFOH
IRUFHVDQGPRPHQWVDVVHVVPHQWZLWKSK\VLRORJLFDOVLJQLILFDQFHUHDOL]LQJTXDQWLWDWLYH
DVVHVVPHQWRISK\VLFDOH[HUFLVHDELOLW\
0DQ\ H[LVWLQJ UHVHDUFKHV RQ DQNOH 3') PRPHQW RQO\ IRFXV RQ VLPSOH DSSOLFD
WLRQVRIPDWXUHPRGHOVZLWKRXWPXVFXORVNHOHWDOPRGHORSWLPL]DWLRQ6RPHUHVHDUFK
HUVXVH VRSKLVWLFDWHGHTXLSPHQW VXFKDVQXFOHDU PDJQHWLF UHVRQDQFH LPDJLQJ 05,
>@RUPRWLRQ FDSWXUH V\VWHPV >@ WRREWDLQ DFWXDO PRGHOSDUDPHWHUV ZKLFK LVQRW
VXLWDEOH IRUSUDFWLFDODSSOLFDWLRQV ,Q WKLVSDSHU(0*VLJQDOV IURPIRXUPXVFOHV UH
ODWHGWRDQNOH3')DUHFROOHFWHGDORQJZLWKDQJOHVLJQDOV$VXEMHFWVSHFLILFPXVFX
ORVNHOHWDOJHRPHWU\PRGHOLVSURSRVHGWRDVVHVVPXVFOHOHQJWKDQGPXVFOHIRUFHDUP
OHQJWK'LIIHUHQFHHYROXWLRQDU\'(DOJRULWKPLVDSSOLHGWRDGMXVWWKHSDUDPHWHUVRI
WKHZKROHPRGHO LQRIIOLQHFRQGLWLRQ7KHUHVWRI WKLVSDSHU LVDUUDQJHGDV IROORZV
6HFWLRQSUHVHQWVGHVLJQGHWDLOVRI WKHDQNOH3')PXVFXORVNHOHWDOPRGHO7KHH[
SHULPHQW LV FDUULHG RXW WR YHULI\ SHUIRUPDQFH RI WKH PRGHO LQ 6HFWLRQ  6HFWLRQ 
GUDZVFRQFOXVLRQRIWKHSDSHU
 0XVFXORVNHOHWDO0RGHOOLQJ0HWKRGV
7KH(0*GULYHQPXVFXORVNHOHWDOPRGHOLQDQNOH3')GHULYHVIURP+LOOEDVHGPXV
FOHPRGHODQGMRLQWIRUZDUGLQYHUVHG\QDPLFV7KHPRGHO LQWKLVSDSHUEXLOGVGLUHFW
UHODWLRQVKLSEHWZHHQ(0*VLJQDOVDQG MRLQWPRPHQWVZKLFKFRQVLVWVRI WKUHHPRG
XOHVPXVFOHDFWLYDWLRQG\QDPLFV+LOOW\SHPXVFOHWHQGRQPRGHODQGVXEMHFWVSHFLILF
PXVFXORVNHOHWDO JHRPHWU\ PRGHO DV VKRZQ LQ )LJ  5DZ (0* VLJQDOV FROOHFWHG
IURPPHGLDOJDVWURFQHPLXV0*ODWHUDOJDVWURFQHPLXV/*VROHXV62DQGWLELDO
LV DQWHULRU 7$ DUH SUHSURFHVVHG DQG WKHQ XVHG DV LQSXW WR WKH PXVFOH DFWLYDWLRQ
G\QDPLFV WRJHW PXVFOHDFWLYDWLRQV$QJOH VLJQDOVDUH WDNHQDV LQSXW WR WKH VXEMHFW
VSHFLILFPXVFXORVNHOHWDO JHRPHWU\PRGHO WRJHW WKHPXVFOH OHQJWKDQG PXVFOH IRUFH
$6XEMHFW6SHFLILF(0*GULYHQ0XVFXORVNHOHWDO0RGHO
DUPOHQJWK+LOOW\SHPXVFOHWHQGRQPRGHOLVXVHGWRJHWPXVFOHIRUFHRIHDFKPXVFOH
DQGILQDOO\JHWWKHZKROHPRPHQWRXWSXW
(0*SUHSURFHVV 0XVFOHDFWLYDWLRQG\QDPLFV
6XEMHFWVSHFLILF
PXVFXORVNHOHWDO
JHRPHWU\PRGHO
+LOOW\SHPXVFOH
WHQGRQPRGHO
0XVFOH
DFWLYDWLRQV
5DZ(0*
VLJQDOV
0XVFOH
ILEHUOHQJWKV
$QJOH
VLJQDOV
0RPHQW
DUPV
0XVFOH
IRUFHV
0RPHQW
RXWSXW

)LJ(0*GULYHQPXVFXORVNHOHWDOPRGHO
 (0*3UHSURFHVVDQG0XVFOH$FWLYDWLRQ'\QDPLFV
,QDQNOHPRYHPHQWUDZ(0*VLJQDOVFRQWDLQVRPHORZIUHTXHQF\QRLVHGXHWR(0*
DFTXLVLWLRQGHYLFHLWVHOIDQGHQYLURQPHQWLPSDFW7KHUHIRUH(0*VLJQDOVFDQEHSUH
SURFHVVHG E\DEDQGSDVV ILOWHU ZLWK D FXWRII IUHTXHQF\ LQ WKH UDQJHRI +]DQG
WKHQEHUHFWLILHGDQGQRUPDOL]HG7KHSURFHVVHG(0*VLJQDOVDUHH[SUHVVHGE\ WH 
1HXUDODFWLYDWLRQ WX LVUHODWHGWRLWVSDVWPDJQLWXGHDQG WH $WZRRUGHUGLIIHUHQFH
HTXDWLRQFDQEHXVHGWRGHVFULEHWKHG\QDPLFUHODWLRQVKLSEHWZHHQWKHPDVIROORZV
    WXWXGWHWX EEJ   ? ? ?
ZKHUH G LV WLPHGHOD\ J  E DQG E DUH WKH VFDOLQJFRHIILFLHQWV7R UHDOL]HDSRVLWLYH
VWDEOHVROXWLRQWKH\PXVWVDWLVI\WKHFRQVWUDLQWVDVVKRZQLQHTXDWLRQ
      EEJEE FFFF   ? ? ?
ZKHUH    FF 6LQFHWKHUHLVDQRQOLQHDUUHODWLRQVKLSEHWZHHQ WX DQGPXVFOH
DFWLYDWLRQ WD DVLPSOHWUDQVIRUPDWLRQLVQHHGHGDVIROORZV凬 
 



 $
W$X
H
HWD   ? ? ?
ZKHUH $ UHSUHVHQWVQRQOLQHDUVKDSHIDFWRUZLWKYDOXHVUDQJLQJIURPWR
 +LOOW\SH0XVFOHWHQGRQ0RGHO
:KHQPXVFOHVDUHDFWLYDWHGWKH\ZLOOSURGXFHPXVFOHFRQWUDFWLRQIRUFHV7KLVVHFWLRQ
IRFXVHV RQ WKH SURFHVV RI PXVFOH FRQWUDFWLRQ G\QDPLFV IURP PXVFOH DFWLYDWLRQV WR
FRQWUDFWLOH IRUFHV0XVFOHVDUHPDLQO\ FRPSRVHGRIPXVFOH ILEHUVDQG WHQGRQV7KH
+LOOPRGHOHTXDWHVPXVFOHILEHUVZLWKDSDVVLYHHOHPHQW&(LQSDUDOOHOZLWKWKHVKULQN
HOHPHQW3(DQGHTXDWHVPXVFOHWHQGRQWRDQRQOLQHDUVSULQJHOHPHQWVKRZQLQ)LJ
=KDQJ&HWDO
&(
3(

)LJ6FKHPDWLFRI+LOOW\SHPXVFOHWHQGRQPRGHO
7KHUHODWLRQVKLSEHWZHHQPXVFOHXQLW PWO PXVFOHILEHUV PO DQGPXVFOHWHQGRQ WO FDQEH
GHVFULEHGE\HTXDWLRQZKHUHD LVSHQQDWLRQDQJOH0XVFOHILEHUVFRQWUDFWLRQIRUFH
P) LV HTXDO WR WKH VXP RI WKH IRUFHV IURP WKH FRQWUDFWLRQ HOHPHQW DQG WKH SDVVLYH
HOHPHQWDVVKRZQLQHTXDWLRQ
 WPPW OOO  DFRV   ? ? ?
      > @O)DY)O))) 39$PP  PD[   ? ? ?
ZKHUH PD[P) LV PD[LPXP LVRPHWULF FRQWUDFWLRQ IRUFH D GHQRWHV PXVFOH DFWLYDWLRQ O)$ LVDFWLYHIRUFHOHQJWKUHODWLRQVKLS  Y)9 GHVFULEHVIRUFHYHORFLW\UHODWLRQVKLSDQG O)S UHSUHVHQWVSDVVLYHHODVWLFIRUFH±OHQJWKUHODWLRQVKLS$QG PRSWP OOO  LVQRUPDOL]HG
PXVFOHILEHUOHQJWK    PD[  DYYY P UHSUHVHQWVWKHQRUPDOL]HGPXVFOHILEHUFRQ
WUDFWLRQ YHORFLW\ PRSWO LV WKH PXVFOH ILEHU OHQJWK ZKHQ PD[LPXP LVRPHWULF IRUFH LV
SURGXFHGDQG PD[Y LVWKHPD[LPXPYHORFLW\7HQGRQVDUHUDWKHUVWLIIDQGWKHVWUDLQLVRQO\DERXWRIWHQGRQOHQJWKIRUPD[L
PXPPXVFOHIRUFHZKLFKFDQEHQHJOHFWHG>@7HQGRQFKDQJHVGXULQJJHQHUDODQ
NOH3')LQ2SHQ6LP6LPWN6WDQIRUG86$>@DOVRLOOXVWUDWHWKHWHQGRQVWLIIQHVV
7KHUHIRUHWHQGRQVODFNOHQJWKVFDOH WV FDQEHLQWURGXFHGWRDGMXVWSHUVRQDOL]HGWHQGRQ
OHQJWK WO EDVHGRQ WHQGRQ VODFN OHQJWK WUO  DV VKRZQ LQ HTXDWLRQ  ,Q WKLV ZD\ WKH
PXVFOHILEHUOHQJWKFDQEHFDOFXODWHGLQGLUHFWO\E\HTXDWLRQZKHQWHQGRQOHQJWK WO
DQGPXVFOHOHQJWK PWO DUHREWDLQHG
 WUWW OVO    ? ? ?
 6XEMHFW6SHFLILF0XVFXORVNHOHWDO*HRPHWU\0RGHO
0XVFOHSDWKV QHHG WR EHGHWHUPLQHG ILUVW WREXLOGPXVFXORVNHOHWDO JHRPHWU\ PRGHO
ZKLFK FDQ EH GRQH E\ PHGLFDO GHYLFH RU E\ DQDWRPLFDO PHDVXUHPHQW RQ FDGDYHULF
VDPSOHV*HQHUDOPXVFXORVNHOHWDOJHRPHWU\PRGHOLVEXLOWEDVHGRQWKHPHDQRIGDWD
IURPDERYHPHWKRGVZKLFKLVQRWVXLWDEOHIRUGLIIHUHQWSHRSOH0XVFOHVDUHDWWDFKHG
WRVNHOHWRQVZKRVHSDWKVDUHUHODWHGWRVNHOHWDOPRUSKRORJ\0XVFOHSDWKDVVHVVPHQW
HTXDWLRQV>@DUHXVHGWRGHWHUPLQHPRUSKRORJLFDOSDUDPHWHUVRIWKHDFWXDOVXEMHFWV
$6XEMHFW6SHFLILF(0*GULYHQ0XVFXORVNHOHWDO0RGHO
DQGWKHSDWKVRIPDLQPXVFOHJURXSLQDQNOHMRLQWDUHREWDLQHG)RUVLPSOLFLW\PXV
FOHVDUHDVVXPHGDVVWUDLJKW OLQHV6XSSRVHWKHERG\VLWWLQJRQDFKDLUZLWKWKHNQHH
VWD\LQJGHJUHHVWDNLQJ62DVDQH[DPSOHDVVKRZQLQ)LJ

)LJ0XVFXORVNHOHWDOJHRPHWU\PRGHORI62
$LVWKHRULJLQSRLQW%LVWKHLQVHUWLRQSRLQWDQG2UHSUHVHQWVWKHFHQWHURIDQNOHMRLQW
7KHGDVKHGOLQHLQGLFDWHVWKHIRRWLVLQWKHKRUL]RQWDOSRVLWLRQDQGWKHVROLGOLQHLQGL
FDWHVWKHIRRWPRYHVWRDFHUWDLQSRVLWLRQT LV WKHDQJOHRIDQNOHPRWLRQ $%O UHSUH
VHQWV WKH PXVFOH OHQJWK DQG G LV DUP OHQJWK 7KH FDOFXODWLRQ HTXDWLRQ LV VKRZQ LQ
HTXDWLRQ
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 3DUDPHWHUV,GHQWLILFDWLRQ
7KHUHDUHPDQ\SDUDPHWHUVZLWKVXEMHFWVSHFLILFGLIIHUHQFHVDQGGLIILFXOWWREHPHDV
XUHGGLUHFWO\LQPXVFXORVNHOHWDOPRGHO7RLPSURYHWKHSUHGLFWLRQDFFXUDF\VXEMHFW
VSHFLILFSDUDPHWHUVVKRXOGEHVHOHFWHGIRUGLIIHUHQWVXEMHFWV
6LQFHSHQQDWLRQDQJOHD LVXVXDOO\VPDOOLWFDQEHDVVXPHGDVFRQVLVWHQWWRUHGXFH
WKHFRPSOH[LW\RISDUDPHWHUV LGHQWLILFDWLRQ $OVR LW FDQEHDVVXPHG WKDWDOO PXVFOH
DFWLYDWLRQ SDUDPHWHUV DUH WKH VDPH DQG PD[Y FDQ EH UHSODFHG E\ PRSWO  7KXV WKH
SDUDPHWHUV QHHGHG WR EH LGHQWLILHG DUH G  F  F DQG $ LQ PXVFOH DFWLYDWLRQ PRGHO
PD[P)  PRSWO DQG WV LQ+LOOW\SHPXVFOHWHQGRQPRGHO7KHRULJLQDOGDWDIRUSDUDPHWHUV
LGHQWLILFDWLRQ DUH GHULYHG IURP WKH DYHUDJH GDWD RI DXWRSVLHV >@ 7KH SULQFLSOH RI
SDUDPHWHUVLGHQWLILFDWLRQLVVKRZQLQHTXDWLRQ7KHOHIWVLGHRIWKHHTXDWLRQLVWKH
UHIHUHQFHWRUTXHFDOFXODWHGDFFRUGLQJWRWKHLQYHUVHG\QDPLFVDQGWKHULJKWVLGHLVWKH
SUHGLFWHGWRUTXHRIWKHVNHOHWDOPXVFOHPRGHO
 7$7$6262/*/*0*0* G)G)G)G)0JO,   FRVTT   ? ? ?
=KDQJ&HWDO
ZKHUHT LV WKH DQJOHRI DQNOH3') PRYHPHQW ,  0  J  O DUH WKH PRPHQW RI LQHUWLD
IRUWKHIRRWWKHPDVVRIWKHIRRWWKHJUDYLW\DFFHOHUDWLRQDQGWKHJUDYLW\DUPOHQJWK
RIWKHIRRWUHVSHFWLYHO\ ) DQG G UHSUHVHQWPXVFOHIRUFHVDQGDUPOHQJWKV
 ([SHULPHQWDO5HVXOWVDQG$QDO\VLV
 ([SHULPHQW6HWXS
)LYHKHDOWK\VXEMHFWVZHUHUHFUXLWHGWRFROOHFW WKHVLJQDOVULJKW IRRW\HDUV
ROG:ULWWHQLQIRUPHGFRQVHQWZDVREWDLQHGIURPWKHP7KHVXEMHFWVZHUHDVNHGWR
VLWRQ D VXLWDEOH WDEOH WR FRQGXFW WKHDQNOH3')PRYHPHQWZLWK KLVKHUNQHH MRLQW
VWD\LQJGHJUHHVDQGIRRWDERYHWKHJURXQG )RXUHOHFWURGHVZHUHDWWDFKHGWRWKH
VNLQVXUIDFHRQPXVFOHEHOOLHVFHQWHURI0*/*62DQG7$5DZ(0*VLJQDOVZHUH
UHFRUGHGE\WKH(0*DFTXLVLWLRQHTXLSPHQW'DWD/2*0:;%LRPHWULFV/WG8.
DQG DQJOH VLJQDOV ZHUH UHFRUGHG E\ WKH DQJOH DFTXLVLWLRQ HTXLSPHQW038 ,Q
YHQ6HQVH86$7RUHGXFHWKHHIIHFWVRIPXVFOHIDWLJXHVXEMHFWVUHOD[HGWKHLUDQNOH
PXVFOHVIRUPLQEHWZHHQHYHU\WZRH[SHULPHQWWULDOV
 ([SHULPHQWDO5HVXOWV
:LWKRXWORVVRIJHQHUDOLW\WZRVXEMHFWV6XEDQG6XEDUHVHOHFWHGWRDQDO\]HWKH
UHVXOWVVKRZQLQ)LJ%RWKWKHYDOXHDQGWUHQGRIWKHHVWLPDWHGPRPHQWWKHJUHHQ
DQGWKHUHGGDVKHGOLQHDUHLQJRRGDJUHHPHQWZLWKWKHUHIHUHQFHPRPHQWWKHEOXH
VROLG OLQH FDOFXODWHG E\ LQYHUVH G\QDPLFV LOOXVWUDWHG LQ WKH VHFWLRQ RI SDUDPHWHUV
LGHQWLILFDWLRQZKLFK VKRZV WKH(0*GULYHQ PRGHO FDQEHXVHG IRUDQNOH MRLQWPR
PHQW WUDFNLQJ ZLWK DQ DFFHSWDEOH DFFXUDF\ ,W FDQ EH VHHQ WKDW XQGHU WKH VDPH WHVW
FRQGLWLRQVWKHVXEMHFWVSHFLILFPRGHOWKHJUHHQGDVKHGOLQHLVFORVHUWRWKHUHIHUHQFH
PRPHQWDQGEHWWHUWKDQWKHJHQHUDOPRGHOWKHUHGGDVKHGOLQHZKLFKGHPRQVWUDWHV
GLIIHUHQWSHRSOHKDYHGLIIHUHQWSDUDPHWHUVDQGLW LV WKXVRIJUHDW LPSRUWDQFHWREXLOG
WKHLURZQVXEMHFWVSHFLILFPXVFXORVNHOHWDOPRGHO

)LJ&RPSDULVRQRIWRUTXH
7KH VDPH H[SHULPHQWV KDYH EHHQ SHUIRUPHG ZLWK ILYH VXEMHFWV 7KH QRUPDOL]HG
506(DQGFRUUHODWLRQFRHIILFLHQW&&DUHXVHGDVWKHPDLQFULWHULDWRVKRZWKHSHU
IRUPDQFHRI WKHPRGHO$KLJKOHYHORI&&DQGDORZQRUPDOL]HG506(KDYHEHHQ
REWDLQHGDVSUHVHQWHGLQ7DEOH
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
5HIHUHQFH0RPHQW
*HQHUDO0RGHO0RPHQW
6XEMHFW6SHFLILF0RGHO0RPHQW
$6XEMHFW6SHFLILF(0*GULYHQ0XVFXORVNHOHWDO0RGHO
7DEOH6XPPDU\RISUHGLFWLRQSHUIRUPDQFHRIWKHPRGHO
^ƵďũĞĐƚ DŽĚĞů ŽƌƌĞůĂƚŝŽŶŽĞĨĨŝ ?ĐŝĞŶƚ ?й ? EŽƌŵĂůŝǌĞĚZD^ ?й ?
^Ƶď ? ? '  ? ? ? ? ?  ? ? ? ? ?^  ? ? ? ? ?  ? ? ? ? ?
^Ƶď ? ? '  ? ? ? ? ?  ? ? ? ? ?^  ? ? ? ? ?  ? ? ? ? ?
^Ƶď ? ? '  ? ? ? ? ?  ? ? ? ? ?^  ? ? ? ? ?  ? ? ? ? ?
^Ƶď ? ? '  ? ? ? ? ?  ? ? ? ? ?^  ? ? ? ? ?  ? ? ? ? ?
^Ƶď ? ? '  ? ? ? ? ?  ? ? ? ? ?^  ? ? ? ? ?  ? ? ? ? ?
DĞĂŶ '  ? ? ? ? ?  ? ? ? ? ?^  ? ? ? ? ?  ? ? ? ? ?
1RWH*DQG6VWDQGVIRUJHQHUDOPRGHODQGVXEMHFWVSHFLILFPRGHOUHVSHFWLYHO\
,WLVHYLGHQWWKDWWKHHVWLPDWHGPRPHQWVLQ*DQG6DUHERWKLQJRRGDJUHHPHQWZLWK
WKHUHIHUHQFHPRPHQWEXWWKHUHVXOWLQ6LVEHWWHUWKDQWKDWLQ*7KHPHDQRIWKHFRU
UHODWLRQFRHIILFLHQWLQ6LVJUHDWHUWKDQWKDWLQ*DQGWKHPHDQRI
WKHQRUPDOL]HG506(LQ6LVVPDOOHUWKDQWKDWLQ*,QDGGLWLRQ
WKHFRUUHODWLRQFRHIILFLHQWVLQ6DUHJUHDWHUDQGWKHQRUPDOL]HG506(VLQ6DUHVPDOO
HUDFURVVDOOVXEMHFWVFRPSDUHGZLWKWKDWLQ*LQGLFDWLQJWKHSURSRVHGPRGHOLVFDSD
EOHRISURYLGLQJEHWWHUUHSUHVHQWDWLRQVRIWKHVXEMHFWVLQYROYHGLQWKLVVWXG\7KURXJK
WKH UHVXOWV RI WKH H[SHULPHQW LW FDQ EH FRQFOXGHG WKDW WKH SHUIRUPDQFH RI VXEMHFW
VSHFLILFPRGHOLVVXSHULRUWRJHQHUDOPRGHO
 &RQFOXVLRQ
5HVHDUFKHV RQ DQNOH3') PXVFXORVNHOHWDO PRGHO DUHEHQHILFLDO WR HYDOXDWH PXVFOH
FRQWUDFWLRQIRUFHDQGPRPHQWIURPDPRUHSK\VLRORJLFDOSRLQWRIYLHZDQGFDQWKXV
LPSURYH WKH IOH[LELOLW\ RI KXPDQFRPSXWHU LQWHUDFWLRQ ,Q WKLV SDSHU (0* VLJQDOV
DQGDQJOHVLJQDOV LQDQNOH3')PRYHPHQWDUHXVHG WRDVVHVV WKH MRLQWPRPHQWRII
OLQHWKURXJKDVXEMHFWVSHFLILF(0*GULYHQPXVFXORVNHOHWDOPRGHOZLWKDQDFFHSWDEOH
DFFXUDF\ 7KH DYHUDJH FRUUHODWLRQ FRHIILFLHQW LV KLJK  DQG WKH QRUPDOL]HG
506(LVUHODWLYHO\VPDOOZKLFKVKRZVWKHIHDVLELOLW\DQGHIIHFWLYHQHVVRI
WKHSURSRVHGPRGHO([SHULPHQWDOUHVXOWVDOVRVKRZWKHLPSRUWDQFHRIDFTXLULQJPRUH
DFFXUDWHPXVFXORVNHOHWDOJHRPHWU\/LPLWDWLRQVRIWKLVSDSHULQFOXGHWKHIDFWWKDWRII
OLQH PXVFXORVNHOHWDO PRGHO LV VWXGLHGEXW ZLWKRXW XVLQJ LW LQ UHDOWLPHDSSOLFDWLRQV
7KHUHIRUHRXUIXWXUHZRUNLVWRYHULI\WKHRQOLQHHIIHFWLYHQHVVRI(0*GULYHQPRGHO
SURSRVHG LQ WKLV VWXG\ DQG FRQVLGHU WKH SUDFWLFDO FRQGLWLRQV )XUWKHU PRUH WKH DS
SURDFKSURSRVHGLQWKLVVWXG\ZLOOEHH[SDQGHGWRRWKHUMRLQWVWKDWFDQEHHPSOR\HGLQ
YDULRXVDSSOLFDWLRQV
=KDQJ&HWDO
$FNQRZOHGJPHQWV
5HVHDUFKVXSSRUWHGE\7KH([FHOOHQW'LVVHUWDWLRQ&XOWLYDWLRQ)XQGVRI:XKDQ8QL
YHUVLW\RI7HFKQRORJ\ZLWK1R<6DQG1DWLRQDO1DWXUDO6FLHQFH)RXQGD
WLRQRI&KLQDXQGHUJUDQWV1RDQG
5HIHUHQFHV
 =KDQJ76WURNHUHKDELOLWDWLRQLQ&KLQD(GLWLRQ&KLQHVH-RXUQDORI5HKDELOLWDWLRQ
7KHRU\DQG3UDFWLFH±LQ&KLQHVH
 0HQJ:;LH6/LX4HWDO5REXVWLWHUDWLYHIHHGEDFNWXQLQJFRQWURORIDFRPSOLDQW
UHKDELOLWDWLRQURERWIRUUHSHWLWLYHDQNOHWUDLQLQJ,((($60(7UDQVDFWLRQVRQ0HFKDWURQ
LFV33±
 9LYLDQ07DJOLDSLHWUD/5HJJLDQL0HWDO'HVLJQRIDVXEMHFWVSHFLILF(0*PRGHO
IRUUHKDELOLWDWLRQPRYHPHQW%LRV\VWHPV	%LRURERWLFV±
 3DWDU$-DPOXV10DNKWDU.HWDO'HYHORSPHQWRIG\QDPLFDQNOHIRRWRUWKRVLVIRU
WKHUDSHXWLFDSSOLFDWLRQ3URFHGLD(QJLQHHULQJ±
 0HQJ:'LQJ%=KRX=HWDO$Q(0*EDVHGIRUFHSUHGLFWLRQDQGFRQWURODSSURDFK
IRU URERWDVVLVWHG ORZHU OLPE UHKDELOLWDWLRQ ,Q WK ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ
6\VWHPV0DQDQG&\EHUQHWLFVSS±,QVWLWXWHRI(OHFWULFDODQG(OHFWURQLFV(Q
JLQHHUV,QF6DQ'LHJR
 $L4'LQJ%/LX4HWDO$VXEMHFWVSHFLILF(0*GULYHQPXVFXORVNHOHWDOPRGHOIRU
DSSOLFDWLRQVLQORZHUOLPEUHKDELOLWDWLRQURERWLFV ,QWHUQDWLRQDO-RXUQDORI+XPDQRLG5R
ERWLFV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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$SDWLHQWVSHFLILFIRRWPRGHOIRUWKHHVWLPDWHRI
DQNOHMRLQWIRUFHVLQSDWLHQWVZLWKMXYHQLOHLGLRSDWKLFDUWKULWLV$QQDOVRI%LRPHGLFDO(QJL
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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DUPOHQJWKXVLQJDZHDUDEOHVHQVRUV\VWHP,QWK,((($60(,QWHUQDWLRQDO&RQIHUHQFH
RQ$GYDQFHG,QWHOOLJHQW0HFKDWURQLFVSS±,QVWLWXWHRI(OHFWULFDODQG(OHFWURQLFV
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$Q LQWHUDFWLYHJUDSKLFVEDVHGPRGHORI WKHORZHUH[
WUHPLW\WRVWXG\RUWKRSDHGLFVXUJLFDOSURFHGXUHV,(((7UDQVDFWLRQVRQ%LRPHGLFDO(QJL
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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